Atorvastatin and simvastatin, but not pravastatin, up-regulate LPS-induced MMP-9 expression in macrophages by regulating phosphorylation of ERK and CREB.
Statins suppress expression of pro-inflammatory cytokines in endothelial cells, whereas they enhance it in immune cells. Pro-inflammatory cytokines and lipopolysaccharide (LPS) induce matrix metalloproteinase (MMP)-9 gene expression in macrophages, which has been linked to progress of various inflammatory diseases. The aim of this study was to identify effects of various statins on LPS-induced MMP-9 gene expression in macrophages and microglia. MMP-9 expression was analyzed by real-time PCR or zymography. Effect of statins on activation of signaling pathways was analyzed by time-dependent phosphorylation of signaling molecules. Atorvastatin and simvastatin, but not pravastatin, up-regulated LPS-induced MMP-9 expression in murine RAW 264.7 macrophages and BV2 microglia. The phosphorylation duration of extracellular signal regulated kinases was extended by simvastatin, but not by atorvastatin or pravastatin. The up-regulation of LPS-induced MMP-9 gene expression by the statins was dependent on extracellular calcium ions and mediated by enhancing phosphorylation of cAMP-responsive element binding protein. Geranylgeranyl pyrophosphate, a precursor for cholesterol synthesis, could suppress up-regulation of LPS-mediated MMP-9 gene expression by atorvastatin and simvastatin. Atorvastatin and simvastatin-mediated up-regulation of LPS-induced MMP-9 gene expression in macrophages and microglia in vitro raises an important concern about use of the widely-prescribed statins in certain inflammatory conditions that are mediated by LPS.